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INTRODUCTION

Since 1950, a great deal of research has been directed at studying
a class of behaviors which comes under the label of curiosity, noveltyseeking and exploration (Fowler, 1966),

An exploratory drive aroused

by an animal's encounter with novel stimuli is currently offered in
explanation of these behaviors (Berlyne, 1955$ Montgomery, 1955} Dember
& Earl, 1957).
More recent evidence (Bindra & Spinner, 1958$ King, 1966$ Bindra &
Palfai, 1967) suggests that exploration is not novelty-seeking.

When

animals were exposed to situations involving increasing degrees of
novelty, responses such as contact with novel objects, sniffing and
locomotion, commonly used to define exploratory behavior, were found to
decline while avoidant responses were found to increase.

Stein (1966)

demonstrated that habituation to a novel object must take place before
an animal will approach it; Bronson (1968) has defined some of the
parameters in the expression and development of the fear of novelty,
De Nelsky & Dennenberg (1967), Rodgers (1967) and Ressin (1967) have
offered evidence in support of the idea that exploration is oriented
behavior under degrees of conditioned control.

Responses defining

exploratory behavior appeared to be oriented either toward or away from
some conditioned stimulus.

Novelty-seeking was demonstrated to be an

activity elicited by a particular antecedant stimulus situation.

If

exploration, or approach to novelty, is behavior oriented with respect

2

to conditioned stimuli and is elicited by a particular antecedant
stimulus condition, it should be conditionable.
The purpose of the present experiment was to demonstrate that
exploration can be conditioned in the rat,

The basic assumption is

that exploratory behavior has an operant level Indistinguishable from
general activity.

Campbell & Sheffield (1953) found that deprived rats

showed little increase in activity until there was increased stimulation.
Beyond the operant level, the animal’s activity level increases on the
basis of having been rewarded for increased activity within speciesspecific boundaries (Candland & Milne, 19665 Glickman & Scoges, 19665
Glickman & Schiff, 1967; Hughes, 1968).

When directed toward novel

objects, the activity is conditioned exploration.

Recognition of the

degree of novelty of an object is a property of the organism defined by
the history of the organism’s encounters with an object and not by the
stimulus properties of the object itself.

Approach to or avoidance of

an object is conditioned to internal stimuli produced in response to
encountering unfamiliarity (Bronson, 1968} Leckart & Bennett, 1968),
The more internal stimuli that are conditioned to approach novel objects,
the more likely the animal is to explore when it encounters novelty
(Berlyne, Koenig & Hirota, 1966} Bindra & Palfai, 19675 Feldman & Green,
1967j Rogers, 1967) Steinman, 1967),

The proposed study has been designed

to test the following specific hypotheses:

(1 ) Exploratory behavior can

be conditioned, and (2 ) conditioned exploration is elicited by deprivation.

II.

METHOD

Subjects.
Four groups of 20 experimentally naive Long-Evans hooded male
rate (Lester, 1967) 90 days old at the start of the experiment were
used.

All Ss were housed in Wahmann Model LC-75/SA individual cages

7 in. wide, 10 in. long and 7 in. high.

Each cage contained a 3-in.

wide and 7-in. long ladder of 1 /2 in. hardware cloth attached
diagonally from the top back to the front bottom of the cage.

The

Ss in two of the groups were maintained on a 20-hour water deprivation
schedule beginning one week prior to the experiment.

The third and

fourth groups were not deprived.
Apparatus.
The training apparatus was a box-like enclosure with inside
dimensions of

in x 30 in. x 19 in. high.

Ihe entire structure

was made of plywood and was painted throughout with a low-gloss,
light grey enamel.

A doorway 7 1/2 in. wide extending the heighth of

the enclosure was located in the middle of a li5-in. side.

Along this

same side, the floor of the enclosure extended outward 9 1 /2 in. as
measured from the inside surface of the wall.

The middle of this extension

contained a 7 1/2-in. wide slot which also extended to the inside surface
of this same wall of the enclosure and into which the S's home cage
was inserted,

ihe lips located at the top of each S's home cage served

as runners which rested on top of the extension and which permitted
the cage to be slid forward into such a position that the rear wall of
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the cage was flush with the inner surface of the apparatus wall.

Both

the doorway and slot were enclosed by a 7 1/2 in. wide rectangular plywood
hood extending from the outer edge of the floor extension to the top
of the doorway.

An approximate 1/2-in. clearance existed between the

base of the hood and the surface of the floor extension, allowing
S's home cage to be slid into position under the hood.

With its home

cage in this position S*s only access was through the doorway into the
training apparatus.

A piece of heavy canvas 8 1/2 in. wide, and 9 in.

long attached to the base of the hood hung down to cover the front of
S«s cage to cut off S's view of the laboratory.
beneath the cage was a tray of sawdust.
a 3-ft. high table.

Approximately 3 in.

The entire apparatus rested on

All these measures were taken to maximize the

similarity of the surroundings in the home cage rack and in the apparatus,
therefore, S was always on more familiar territory when in its home cage.
A 1/8 in. thick Masonite guillotine door 7 1/2 in. wide and 9 1/2 in.
tall blocked the lower half of the doorway.

The door traveledin a

1/2-in. aluminum channeling attached to the edge of the wall,

the E

was able to operate the door by means of a pull-string while seated next
to the apparatus.

A 30-in. wide by 1*5-in. long mirror was located over

the apparatus at a height and angle which enabled E to observe the entire
area within the training apparatus.

A grid system composed of fifty-

four medium grey squares, 5 in. on a side, separated by lightgrey bands
1/8 in. wide was painted on the floor of the enclosure.
On every trial S was confronted with three objects of various sizes,
shapes, colors, substances and locations.

Three additional objects in the

apparatus remained unchanged throughout the experiment on the assumption

that they would become familiar to S. ,lhe objects were selected from
several hundred toys and junk objects used in object-quality learning
sets with monkeys (Meyer, Treichler, & Meyer, 1965).

The three unfamiliar

objects were randomly chosen and randoply placed in various positions
within the apparatus each day throughout the training period.

Illumination

during the training phase of the experimentwas provided by two 75watt bulbs, each of which was located 18 in. on either side of the
apparatus 3 ft. overhead to give, uniform illumination (Montgomery,
1953).
The test apparatus consisted of a pale green formica table-top,
which extended the entire length of a wall in the. experimental room.
The table-top, surrounded on three sides by walls of the experimental
room, measured 25 x 90 in.

A grid eystem similar to that used in the

training apparatus was marked on the table-top by means of 1 /h in.
strips of electrician’s tape.

The grid system Included 108 rectangles,

each measuring 5 x U 3/8 in. wide.

Three objects, unfamiliar to S

and from the same collection as those used in the training apparatus,
accompanied by the three familiar objects used in the training session
were randomly located on the table-top, each within a grid square.

A

wooden stand provided support for S's home cage, the top of which was
level with the table-top when in position for a trial.
in the stand was a tray of sawdust.

Beneath S's cage

The front of the cage was covered

by a piece of canvas which was attached to the cage before each trial.
Once again, these details concerning the cage were attended to in hopes
of maintaining the familiarity of the hope cage.

The top of the cage

was covered by a piece of cardboard before each trial which £ removed by

a poll-string which led from the cardboard to E ’s observation position
behind a draped enclosure located1approximately 3 ft* from and above the
test apparatus.' Illumination during the test trials was provided by
two 1*0-watt bulbs.
Procedure.
the experiment consisted of a training Phase and a Testing Phase*
During Training the four groups constituted one Experimental Group and
three Control Groups*

The Experimental Group was water deprived and

reinforced for exploring novel objects*
deprived but was not reinforced*

The Control Group 1 was water

This group controlled for the

possibility that deprivation alone might account for the results.
Control Group 2 was not deprived nor was reinforcement available;

This

group controlled for the possibility that the Ss could learn without
the necessity of either deprivation or reinforcement accounting for the
results*

Control Group 3 was not deprived but reinforcement was

available.

This group controlled for the possibility of some form of

latent learning accounting for results especially during the Testing
Phase.

Out of direct line of sight from the home cage in the training

apparatus, small lee, water cups sat behind or on every familiar or
unfamiliar object in the field.

2he cups behind the unfamiliar objects

held water for the Experimental Group and Control Group 3 . The cups
behind the familiar objects were always empty for all groups,
A Training Phase trial consisted of taking S in its home cage
from the storage rack outside the experimental room and, inserting it
into the training apparatus*

Ihere was a 30 sec. delay before the

guillotine door was raised allowing S free access to the apparatus.
Raising the door began a 3 min. period of observation at the end of
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which S was herded back intc its cage and returned to the storage rack*
During those 3 ftin» the measures of exploratory behavior recorded were
latency (to the nearest second) in leaving the home cage,, the number
of squares entered, and contacts with familiar and unfamiliar objects*
She S had left its home cage when both of its rear paws were resting
either on the top edge of the rear wall of the cage or on the floor of
the apparatus.

A square was entered when S placed at least one forepaw

on or across the edge of a square.

An object contact was recorded when

S was judged to either Closely sniff the object or touch the object
with its nose or paw*

The Training Phase continued at one trial a day

for 1*2 days at which time performance of all groups on the four measures
appeared to have stabilized.

At the end of each day, the apparatus was

washed and the unfamiliar objects were replaced by three others
randomly placed.
The Testing Phase began the day following completion of the
Training Phase which was the l*3rd day of the experiment.

The Ss in

each of the four Training Phase groups were racked according to their
performance on the four measures of exploratory behavior and then
divided into two equal subgroups.

Half continued on the original

deprivation or nondeprivation schedule while the other half was switched
as determined by a flip of a coin.

However, instead of having eight

groups of 10 Ss each, the deprived Experimental subgroup had 8 Ss while
the nondeprived Experiment subgroup had 9 Ss,

Three Ss had been dropped

from the Experimental Group at the end of Training as they had failed
to emerge at all in 2*2 days in striking contrast to the remaining Ss.
The deprived Control 1 subgroup had 7 Ss while the nondeprived Control

8
1 subgroup had 8 Ss.

Hie four discarded animals had also failed to

emerge during the U2 days of training.

Hie fifth missing control S

perished during the Training Phase.
Considering the larger number of non-responding Ss in Control Croup
1 and the overall low level of performance of this group relative to
performance of the Experimental Group, discarding of the non-responding
Ss was justified since their inclusion could only bias the results
in favor of the Experimental Croup and our hypotheses during the Testing
Phase.

However, all Ss in the Control Croups 2 and 3 were used in

the Testing Phase as the median score for these 1*0 Ss during the 1*2
days of Training was zero.
A Testing Phase trial consisted of taking S in its home cage,
placing it in the Test apparatus, covering the front of the cage with
the canvas flap and covering the top of the cage with a piece of card
board.

Twenty seconds elapsed before the cardboard cover was removed.

From this point the procedure was identical to that of the Training
Phase with two exceptions.

While the water cups were present, none of

the eight subgroups was reinforced; otherwise Training would have
been continued and confounded with Testing for transfer of conditioned
exploration.

Hie three novel objects were never changed nor were

their positions.

It was assumed this could further differentiate

Training from Testing as presumably the initial novelty would diminish
with repeated exposure.

The three familiar objects brought over from

the Training apparatus remained unchanged and were never moved.

Eight

Testing trials were thought to be enough to demonstrate group differ
ences.

III.

HESUXtTS AND DISCUSSION

Tables 1, 2, 3, and it summarize the analysis of variance
(Edwards, i960, p. 231) of the data presented graphically in Figures
1 , 2, 3, and k which contain plots of the mean trial scores of the
Experimental Group and Control Group 1 during the Gaining Phase for
each of the four measures of exploratory behavior.

On three of the

measures the performance of the Experimental Group differedsignificantly
from that of Control Group 1.

The Experimental Group entered a

significantly larger number of squares and made a significantly greater
number of contacts with both familiar and unfamiliar objects than
did Control Group 1 , These differences were found to be significant
at the ,01, .005, and ,02$ level, respectively, supporting the
hypothesis that reinforcement of exploratory behavior leads to significant
increases in the general activity level as measured by the rate of
square entry and contacts with the familiar objects, and the significant
increase in exploration as measured by contacts with unfamiliar objects.
Although overall the Ss in the Experimental Group spent less time in
their home cages before entering the training apparatus than did
those Ss in Control Group 1, the two groups did not differ significantly
on the latency measure*. However, because of the support received from
the other measures and because the method of taking the time measure
was invalid as indicated by extreme truncation of the data, it is
apparent that the measurement of latency contributed nothing to the
results and should not be interpreted against the hypothesis.

Hie

significant Trials effects demonstrate that the increasing tendency
to activity and exploration was acquired across trials in what
resembles a typical learning function for the square entry and both
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TABLE 1

Analysis of Variance of Squares Entered

Source
Groups (A)
Error

df
1
37

Trials (B)

MS
3387. ii9

2138.06

9.18**
7.8U**

U1

1827.03

Error

1517

232,91

** p

.01
.001

7.35*

1*61,10

A x B

* p

F
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TABLE 2

Analysis of Variance of (Jontacts With Unfamiliar Objects

df

MS

F

1

617.37

9.1*9*

Error

37

65,0$

Trials (B)

til

32.90

16*0$**

A x B

lit

12.10

5.90**

Error

1$17

2.0$

Source

Groups (A)

* p

.00$

** p

,001
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TABLE 3

Analysis of Variance of Contacts With Familiar Objects

MS

F

1

106.90

5.k2*

Error

3?

19-71

Trials (B)

1*1

10.38

10.81-**

A x B

M

U.ii6

U.65**

Source

Groups (A)

Error

df

1517

# p

.025

** p

.001

.96
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TABLE U

Analysis of Variance of Latency in Leasing Home Cage
■w

MS

F

Source

df

Groups (A)

1

Itli989.09

37

187UU.03

i*1

it776.11

2.79

13li9.89

.08

Error
Trials

(B)

A x B

Error

1517

1710.15
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42

contact measures taken on the Ejqperiraental Group,

The uniformly

significant Groups x trials interactions on these three measures
indicate that the increase in performance of Control Group 1 across
trials is not to be equated with growth in performance of the
Experimental Group.

Quite probably the increase in performance of the

Control Group 1 was due to a combination of habituation (Stein., 1966)
and deprivation (Lester, 196?), not reinforcement contingent responding.
However, the behavior of the Ss in Control Group 2 and 3 demonstrated
deprivation to be essential in the facilitation of even the habituation
process,

of these two nondeprived control groups, only four Ss in each

group ever left the home cage even briefly,

The most any S ever left

its home cage was 11 times in i*2 trials,
Transfer of the conditioned exploration was tested by the com
parison of Training Fhase to the Testing Phase using each S as its
own control.

Figures 5 through 8 contain plots of the mean trial scores

of the Experimental Group and Control Group 1 during testing for each of
the four measures of exploratory behavior*

The total score for each J|

in each subgroup for the first eight Training trials was coppered with
the S’s total score for the eight Testing trials.

The high frequency

of zero scores, especially in the first eight trials of Training
necessitated the use of the Wilcoxon Matched-Pairs Signed-Ranks test
(Siegel, 1956),

The only significant transfer occurred in those Ss

which became the Deprived Experimental Testing Phase subgroup.
in squares entered (p

This was

,01 two-tailed, H » 8 ), While little else but

conditioned activity in the form of squares entered could be demonstrated
to transfer, this was indeed activity conditioned as a result of
training to explore.

This is supported by a Mann-Whitney U test between

40-
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the Deprived Experimental Testing Fhase subgroup and the Deprived
Control 1 Testing Fhase subgroup (U » 12, p
(Siegel, 1956).

*006,

« 7, Ng °

Therefore, deprivation alone, without prior conditioning

could not explain the result.

Inspection of the data for each subgroup

suggests that the major reason for the failure to show significant
transfer of familiar and unfamiliar object contact on the part of the
Deprived Experimental Testing Fhase subgroup was a*period of habitua
tion beginning with no responding up to maximum levels in 3 to 5 days
depending on the measure leaving little time in the Testing Fhase to
demonstrate transfer.

A replication should extend the Testing Fhase.

However, a temporary reversion to neophobla (Barnett, 1963) in a
relatively new situation could be very adaptive especially if it
eventually gave way to maximum use of the new situation through condi
tioned exploration.

Ihrther buttressing the conclusion that the

internal deprivation condition in conjunction with the conditioning
process must exist for transfer of learned exploration, was the fact
that only one S out of the 1*0 Ss in the four Control 2 and 3 Testing
subgroups emerged from its home cage and then only once.

Therefore, it

seems reasonable to attribute to the domestic rat an increasing tendency
to investigate new surroundings when it has been previously reinforced
for doing so.

XV.

SUMMARY

An attempt was made to demonstrate than an animal's Initial
response to novel objects is one of avoidance and that this response
is greatly influenced by experimental factors.

Eighty hooded rats

received training under various conditions of deprivation and reinforce
ment in an open-field-type apparatus and were then tested in a new
and novel situation to investigate the hypotheses that exploratory
behavior can be conditioned and that conditioned exploration is
elicited by deprivation.

Hie results partially supported the hypotheses.

Hie Experimental Group did significantly better than the Control
Groups on all but one of the measures of exploratory behavior
recorded.

Significant transfer of training to a new situation occurred

for only one of the measures.

It was concluded that both deprivation

and reinforcement are necessary for learned exploration.

An inter

pretation of learned exploration in terms of biological adaption was
offered.
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